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ABSTRACT, - The osteological development of nine species of nototheniids was investigated. All the 
species in general are characterized by the similar sequence of appearance of bones, except for 
Pleuragramma antarcticum. ft is shown that the latest appearing bones are as a rule reduced in more 
derived species of the nototheniids and/or in advanced families of the notothenioids. The morphogenesis 
of certain characters of systematic value in general confirms validity of the subfamilies Notothenitnae, 
Trematominae and PLeuragramminae, Main trends of the skeletal development in the Nototheniidae 
subfamilies are considered. 

RESUME, - Ddveloppement du squelette de neuf espfeces de Nototheniidae (Perciformes; Notothemoi- 
dei), 

Le dfeveloppement du squelette de neuf espfeces de Nototheniidae a fetfe fetudi 6. Toutes ces es- 
pfcces ont la meme chronologic dans I'apparition des os, h ['exception de Pleuragramma antarcticum, II 
est montrfe comme de itgle que, chez les espices les plus avancdes de Nototheniidae et/ou chez des 
families avancfees de Notothenioidei les os qui apparaissent le plus tard ont une taille rfeduite, La mor- 
phogenfese de certains came t feres de valeur systfematique confinrie la validity des so us-families Noto- 
theniinae, Trematominae et Pleuragramminae. Les principales tendances du developpement du sque- 
lette chez les sous-familles de Nototheniidae sont eonsiderees. 

Key-words. - Nototheniidae, PSE, P$W, Antarctic, Skeleton, Ontogenesis. Morphogenesis. 


Modem investigations of the early life history of Antarctic fishes include a wide 
variety of aspects concerning reproduction, growth, feeding and geographical distribu¬ 
tion, The study of the external morphology of larvae and juveniles of notothenioids is the 
foundation for identification of species, now it is well worked up owing to the studies of 
North and White (1982), Efremenko (1983, 1987), Kellermann (1984, 1989, 1990) and 
North and Kellermann (1990). However, until recently the studies of other morphological 
features of larvae and juveniles, in particular the osteological features, were left out. Nev¬ 
ertheless, they are very important not only for the understanding of systematic and phy¬ 
logenetic problems of notothenioids but also for the improving of our knowledge on the 
arising of morphological adaptations of the notothenioids to the extreme conditions of 
Antarctic habitats. 

The aim of this research is the comparative analysis of the osteological develop¬ 
ment of nine species of nototheniids in relation to the problems of their systematic posi¬ 
tion and phylogeny. 


(t) Zoological Institute, Academy of Sciences (Z1N), 199034 St, Petersburg, RUSSIA. 
(2) National Park Office, SchJossgarten 1, D-25832 Tanning, GERMANY. 
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MATERIAL AND METHODS 

The materia] used for our study belongs to the collection of larvae and juveniles of 
Antarctic fish at the Alfred Wegener Institute for Polar and Marine Research 
(Bremerhaven, Germany), These were obtained by several German Antarctic expeditions 
to the Scotia Sea and the Antarctic Peninsula between 1975 and 1987 (Kellermann, 1989)* 
Additional material is from the Zoological Institute of the Russian Academy of Sciences* 
Altogether* 156 specimens, fixed in formaline were studied. They were cleared and stained 
following the method of Hollister (1934), modificated by Potthoff (1984), Series of 8 
specimens of Nototkenia neglecta Nybeiin (16.5-359*3 mm SL)* 23 spms of Lindbcr- 
gichthys nudifrons (L0nnberg) (18.0-172.0 mm SL), 35 spms of Gobionotothen gibbe* 
rifrons (Lpnnberg) 111.5-274.3 mm SL), 28 spms of Nototheniops larseni (Lonnberg) 
(11,0-196.8 mm SL), 12 spms of Lepidonotothen kempi (Norman) (10.2-238.8 mm 
SL), 17 spms of Pseudoirematomus scotti (Boulenger) (14,0-168. 0 mm SL), 19 spms of 
Trematomus newnesi (Boul.) (15.7-217.3 mm SL), 7 spms of Fagothenia borchgrevinki 
(BouL) (25.0-190.6 mm SL), 7 spms of Aethotaxis mitopteryx DeWitt (13.0-321.6 mm 
SL) were examined. Drawings were executed using a camera lucida attached to a stereo 
microscope and stained in Indian ink by A.V, Ljachova. 

For the skull and pectoral girdle we follow the terminology of Harrington (1955) 
and of Jollie (1986). For the axial and caudal skeleton we follow the terminology of 
Monod (1968). 


RESULTS 

Subfamily Nototheniinae 

Sequence of appearance of bones 

In the neurocranium the appearance of bones in all studied species begins from the 
parasphenoid, frontal, basioccipital and exoccipital (Table !; Figs la, 2), Later the 
vomer, nasal, parietal and bones of the auditory region occur. After that, the supraoecipi- 
tal, pterosphenoid, mesethmoid and lateral ethmoid appear (Figs lc, 2c). The intercalar 
and basisphenoid occur later. 

In the visceral skeleton, the early appearance of the upper and lower jaw bones oc¬ 
curs (Table I; Figs 3a, d, e); the maxilla, dentary and premaxilla appear before hatching* 
In the suspensorium first ossifications correspond to the quadratojugale, quadrate, sym- 
piectic, opercle; in the hyoid arch the ceratohyal and posterior branchiostegal rays; in the 
branchial arch the ceratobranchials (Figs 4a, 5a, 6a), The quadratojugale appears as a thin 
dermal bone on the ventral part of the hyomandibular-symplectic cartilage. After that the 
quadrate appears in the ventral part of the palate quadrate cartilage, the quadratojugale 
spreading under the quadrate to the anterior edge of the palatoquadrate cartilage. Later both 
bones fuse in one bone, quadratojugal becoming the posterior process of quadrate. The 
similar appearance of the quadrate was noted in Pleumgmmma antarcticum Boul, 
(Voskoboinikova et ai, 1994), We consider the dermal element as the homologue of the 
quadratojugal of low'er osteichthyans following the view of Jollie (1986), Homology of 
this bone is supported by its dermal origin, position, relation to surrounding bones and 
earlier appearance comparing with quadrate* There is another point of view on the origin 
of posterior process of quadrate of Teleostei of connective tissue (Arratia and Schultze, 
1991). 


so fcp 



Fig. L - Development of the neurocranium in Notoihenia negteaa. in dorsal (bottom), ventral (middle) and lefl lateral (upper) views. Standard lengths of specimens 
are: (a) 16.5 mm; (b) 24.0 mm: (c) 37,0 mm. bo; basioctipital; hs: basisphenoid; eo: exoccipital; ep; epiotic; ethi: lateral ethmoid; f: frontal; ic: intercalar; meih: 
mcsethmoid; p: parietal; pro: prootic: ps: parasphenoid; pi: pierotie; pis; pterosphenoid; so: supraoccipital: sph: sphenotic: v; vomer. Cartilage slippled, bone white. 
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Table I. - The appearance of bones in ontogeny of the nototheniids. 1 - N. neglecta, 2 - G> gihberifrons, 
3 - L nudifrvns, 4 -L kempi * 5 - N. laneni, 6 - P scotti, 7 - T. newnesi* 8 - P. borchgrevinki, 9 - A. 
mitopttryx. 


Bones 

Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

mesethm aid turn 

33.0 

25,0 

35.0 

35.2 

44,0 

38.0 

54,7 

32,5 

- 

lateral ethmoid 

30.0 

25.0 

35.0 

35,2 

36.0 1 

28.0 

54*7 

32,5 

- 

frontal 

16.5 

16.5 

25.0 

26.0 

31,4 

19*5 

26,0 

32,5 

27.0 

natal 

21.0 

19.0 

29.0 

35.2 

33.5 

28.0 

26.0 

32,5 

27,0 1 

parietal 

24.0 

19.0 

29.0 

35.2 

31,4 

28.0 

34.0 

32,5 

36.0 

vomer 

24.0 

19,0 

18,0 

31.0 

31.4 

22,5 

26.0 

32,5 

27*0 

parasphenoid 

16.5 

16.5 

18,0 

26.0 

18,2 

14.0 

11.0 

25,0 

13*0 

plerosphenoid 

30.0 

25.0 

37,0 

35.2 

33*5 

28.0 

54,7 

34,0 


pro otic 

24.0 

19,0 

29,0 

35.2 

31.4 

28.0 

30.5 

34,0 


sphenotk 

24.0 

25,0 

25,0 

35.2 

31,4 

22,5 

34.0 

32*5 


pt erotic 

24.0 

19.0 

27,0 

35.2 

3L4 

22.5 

30*5 

32,5 


epiotic 

24.0 

25.0 

29,0 

35,2 

31.4 

22.5 

34,0 

32,5 


i nle real a r 

30.0 

35,0 

37,0 

42.7 

31,4 

28,0 

54,7 

32*5 


posttemporal 

18,0 

19.0 

25,0 

35.2 

23,0 

19.5 

30.5 

32*5 

21*5 

supraocctpital 

24 0 

25.0 

29.0 

31.0 

31,4 

28.0 

54,7 

32.5 


exoccipilal 

16.5 

19.0 

25.0 

26,0 

24,2 

19,5 

30,5 

32,5 

27.0 

ba*iocripital 

16.5 

16,5 

18,0 

26.0 

18,2 

19,5 

15,0 

25,0 

! 3*0 

maxillae 

16.5 

11,5 

18,0 

10,2 

n*o 

14*0 

11,0 

25.0 

13.0 

prem axillae 

16.5 

11,5 

LS,0 

26.0 

18,2 

14.Q 

15,0 

25,0 

L3.U 

deniary 

16.5 

n.5 

18,0 1 

26,0 

11,0 

14.0 

11,0 

25*0 

13.0 

avgulo articular 

16.5 

16,5 

J 8*0 

26.0 

18,2 

14.0 

15.0 

25.0 

27.0 

retroarticnlar 

16,5 

16.5 

ISO 

26,0 

18,2 

14,0 

21,0 

25*0 

27,0 

palatine 

24.0 

19.0 

27,0 , 

35,2 

31,4 

28,0 

30.5 

32*5 

- 

quad rote + quadra tojugal 

16,5 

16,5 

18.0 

26,0 

18,2 

14,0 

22.0 

25.0 

27.0 

ecfo pterygoid 

24.0 

19,0 

28.0 

35.2 

31,4 

28*0 

30,5 

34.0 

- j 

ent opt cry go id 

16.5 

19,0 

27.0 

35.2 

31,4 

22,5 

26.0 

34,0 

- ! 

met a pterygoid 

24.0 

19.0 

27,0 

35.2 

31,4 

22.5 

26.0 

32.5 

- 

hyo mandibular 

24.0 

19.0 

25.0 

26.0 

31,4 

22,5 

26.0 

32*5 

* 

sympleetic 

16.5 

16.5 

18,0 

26,0 

18.2 

16*0 

22,0 

32,5 

27*0 

inter hyal 

24.0 

25,0 

28,0 

35,2 

31,4 

28.0 

30.5 

34*0 

* 

epitiyal 

24.0 

19.0 

25,0 

35,2 

31,4 

22,5 

30.5 

32*5 

36.0 

cero toby a 1 

18.0 

16.5 

18.0 

26.0 

18,2 

L6,0 

22,0 

25*0 

21*5 

lower hypobyal 

18.0 

19.0 

18,0 

35.2 

24,2 

19*5 

26*0 

32,5 

2!,S 

upper hypohyat 

33,0 

29*5 

31.0 

35.2 

31,4 

28,0 

54.7 

44.U 

- 

basihyaJ 

24*0 

25.0 

27.0 

35,2 

3! ,4 

22,5 

54.7 

34,0 

36*0 

urohyal 

24,0 

19.0 

18,0 

28.4 

31,4 

22,5 

30*5 

34,0 

36*0 

radii branch tost eg; 

16,5 

11.5 

28,0 

26,0 j 

i«.2 

16,0 

i 1.0 

25,0 

21,5 
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Table L - Continued 


Bones 

Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

basibranchial ! 

37,0 

35.0 

39.0 

35,2 

40*0 

22.5 

54,7 

44.0 

- 

2 

33*0 

33,0 

37*0 

- 

36,0 

22.5 

54.7 

- 

- 

3 

24,0 

25*0 

28,0 

35,2 

31*4 

22,5 

54,7 

44.0 

- 

hvpuhranchiul 1 

24*0 

25,0 

27.0 

35,2 

31*4 

22*5 

54.7 

40.0 

* 

2 

24*0 

25,0 

28*0 

35.2 

31,4 

22*5 

54.7 

40,0 

- ! 

3 

30*0 

29,5 

35*0 

35,2 

31*4 

22*5 

54,7 

40*0 

- 

ceratohranchial 1*5 

18,0 

16*5 

18*0 

26,0 

31,4 

19*5 

54,7 

32.5 

21.5 

epibranchial 1 

24*0 

25*0 

28,0 

31,0 

31,4 

22*5 

54.7 

34*0 

- 

2 

24,0 

25*0 

2S,0 

31.0 

31,4 

22*5 

54.7 

34*0 

- 

3 

24*0 

25,0 

27,0 

31.0 

31.4 

22*5 

54,7 

34*0 

* 

4 

24,0 

25*0 

27,0 

31.0 

31,4 

22*5 

54,7 

34*0 

- i 

pharyngo-branchials 2*4 

24,0 

16*5 

26,0 

26.0 

31,4 

19*5 

11,0 

32*5 

27.0 

operote 

16,5 

11*5 

18.0 

26,0 

18.2 

16*0 

11.0 

25.0 

21.5 

preoperde 

16,5 

16,5 

18,0 

31*0 

20.8 

19,5 

22.0 

32,5 

21.5 

inleroperde 

16,5 

16,5 

18,0 

31*0 

24.2 

22,5 

26,0 

32*5 

27.0 

suboperck 

16.5 

16,5 

18.0 

31*0 

18,2 

22,5 

22*0 

32*5 

21.5 

lacrimal 

24.0 

19,0 

18,0 

31*0 

31,4 

19,5 

30*5 

32*5 

13*0 

dermosphenotic 

24.0 

26,0 

28,0 

35,2 

40.0 

28,0 

54*7 

38,0 

- 

infraorbitals 2 

33,0 

29.5 

31.0 

42.7 

41,3 

28,0 

54*7 

no 

- 

3 

33,0 

29,5 

29.0 

42*7 

41,3 

28,0 

54*7 

no 

* 

4 

30.0 

26,0 

28,0 

42*7 

40,0 

28.0 

54,7 

38,0 

- 

cleithrum 

16,5 

11.5 

18.0 

10*2 

11*0 

14.0 

11*0 

25.0 

13*0 

coracoid 

24.0 

22.0 

27.0 

35*2 

33*5 

28.0 

54*7 

42.2 

36*0 

scapula 

24,0 

25,0 

23,0 

35,2 

41,3 

28.0 

54,7 ; 

44.0 

36*0 

radial.s 2 

24*0 

25.0 

2S*0 

35,2 

33*5 | 

20,0 

54,7 

34.0 

* 

3 

24*0 

22.0 

27*0 

35,2 

33*5 

20,0 

30.5 

34.0 

36,0 

4 

24*0 

22,0 

27*0 

35,2 

33*5 

19,5 

30,5 

34,0 

36,0 

s 

24*0 

25*0 

27*0 

35,2 

33*5 

20*0 

54,7 

34.0 

* 

supraekithrum 

18*0 

16,5 

18,0 

28,4 

23,0 

16,0 

22,0 

32,5 

21,5 

urosiyEe 

16,5 1 

16*5 

18,0 

26,0 

18,2 

14*0 

22.0 

32*5 

21,5 

hypuraJ 1 

16,5 

16*5 

18,0 

26,0 

18.2 

16,0 

22,0 

32*5 

21.5 

2 

16,5 

16*5 

18,0 

26,0 

18,2 

16,0 

22.0 

32*5 

21.5 

3 

16,5 

17,5 

18,0 

26,0 

18,2 

16.0 

22*0 

32,5 

21*5 

4 

16.5 

17.5 

18.0 

26*0 

18,2 

16.0 

22*0 

32.5 

22*0 

5 

30,0 







40.0 


parhypural 

24,0 

19,0 

18.0 

26,0 

24*2 

19,5 

26*0 

32.5 

27*0 

epurak 1-3 

33.0 

29.5 

29.0 

35,2 

41*3 

38,0 

54,7 

34.0 

- 
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Later the preopercle, imeropercle, hyomandibular, metapterygoid, entopterygoid 
and palatine appear in the suspensorium; the lower hypohyal, epihyal, basihyal and 
urohyai appear in the hyoid arch and the pharyngo-, epK hypobranchials and third bast- 
branchial appear in the branchial arches (Table I; Figs 4a, 5a, b, 6b). The eetoptervgoid, 
upper hypohyaL hypobranchial 3, basibranchials 1 and 2 occur latest {Table 1; Figs 4b* 
c, 5b-d, 6b-d). 

Among the infraorbital bones in all the studied species of the nototheniins the 
lacrimal appears first. After that the infraorbital 4 and dermosphenotic appear and in¬ 
fraorbitals 3 and 2 occur latest. The articulation between this bones has next following: 
the lacrimal with infraorbital 2 f the infraorbital 3 with infraorbital 4, the infraorbital 4 
with dermosphenotic, the infraorbital 2 with infraorbital 3. 

In the pectoral girdle the cleithrum is first occurring bone, the supracleirhrum ap¬ 
pears later {Table I). After that the coracoid* radials and scapula ossify (Fig. 7). The 
radials occur as follow: the radial 4, 3 f 2 and 5. Later the radial 2 fuses with the scapula. 

Species of nototheniins are characterized by the occurrence of different numbers of 
interradial foramina during ontogeny. In N< neglecta two foramina appear between radials 
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Fig, 2. - Development of the neuroeranium in Gobionotoihen gibberifrons, in dorsal (bottom), ventral 
(middle) and left lateral (upper) views. Standard lengths of specimens are: (a) 16.5 mm: (b) 19.0 mm: 
(c) 25.0 mm; (d) 32.5 mm. The labels as in figure 1. 


3-4 and 4-5 (Fig, 7b, c), In L nudifrons four foramina occur at 19 mm SL between radials 
3-4 and radials 4-5 and at 29 mm SL between radials 2-3 and radial 2 and scapula, (this 
foramen is later included in the scapula). Similar sequence of appearance of interradial 
foramina is found in L kempi and N. larseni. In G. gibberifrons three interradial foramina 
occur between the radials 2-3, 3-4 and 4-5, The number of the interradial foramina in adult 
noto them ins in general corresponds the number of foramina of early ontogeny 
(Balushktn, 1989). 

In the axial skeleton of the nototheniins the urostyle ossifies first (Table I). Si¬ 
multaneously, the neural arches ossify followed by the centra starting from the basioc- 
cipital posteriorly. In the caudal skeleton the ossification of the hypurals l,2,3,4 and 
parhypural proceeds that of hypural 5 and of three epurals. The uroneural is the latest 
appearing bone. Later two haemal arches of the preural centra l t 2 ossify followed by 
their respective neural arches. At this moment all vertebral centra are ossified, but some 
neural and haemal arches anteriorly to the preural centra still remain cartilaginous. In all 
the studied nototheniins the formation of vertebral centra arises as appearance of the 
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Fig. 3. - Development of (he jaws in Natothema negtecia (aci and Gobionotothen gibber if tons (d-g). left 
lateral views. Lengths of specimens are: (a) 16.5 mm; (b) 24.0 mm: (c) 37.0 mm; (dl 1L0 mm; 
(e) 16.5 mm; (f) 24.0 mm: (g) 32,5 mm. an: anguloarticular; dr: dentary: inx: maxilla; prmx; premaxilla; 
pr.as: ascending process of the premaxilla; pr.pmx: postmaxillar process of the premaxilla; ra: retroarti- 
eular. 
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Fig, 4. - Development of the splanchnocnmium in Notothenia neglects left lateral views. Lengths of 
specimens in(a-c) as in figure 1. bh: basihyah ch: ceratohyal (= anterior ceratohyal), ec; ectoptery- 
goid; eph: epihyal (= posterior ceratohyal); ec: ectopterygoid; en; emopterygoid; hh; hypohyals; hm: 
hyomandibular; ih: interhyal: in: interopercle; mt: metapterygoid; o: opercle; p: palatine; pr: preopercle; 
r.br: branchiosiegal rays, q: quadrate; qjg: quadratojugal; so; subopercle; sy: symplectic; uh: urohyaL 


r.br 
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saddle-shaped ossifications at the base of haemal archs which gradually dorsally grow 
over the notochord and join in rings at its dorsal surface. 

Two ural centra were found in L kempt (35 mm SL) and N. larseni (24.6 mm SL); 
in contrast three ural centra are in N, larseni (26.8 mm SL), 

Between different species of the nototheniins few differences in the sequence of 
appearance of bones arc found (Table I), N. neglecta and G . gibberifrons have the earlier 
appearance of the frontal than L nudifrons t N. larseni and L kempt, L nudifrons is char¬ 
acterized by the earlier ossification of the sphenottc and pterotic comparing to L kempi 
and N. larseni , and G. gibberifrons is characterized by the earlier appearance of the 
prootie and pterotic in comparison with other three species. In M larseni the intercalar 
appears rather early together with other bones of the auditory region, and in other species 
it appears later. In M neglecta the enio pterygoid occurs much more earlier than the metap¬ 
terygoid, in other species these bones occur almost simultaneously. 

Morphoge nesis 

Serious differences are found in the morphogenesis of different parts of the skele¬ 
ton of studied species of the nototheniins. At the early stages of larval development 
(Voskoboinikova, 1994) all the species have rather compact shape of the neurocranium 
with the broad interorbital space, short and broad ethmoidal region. In N. neglecta this 
shape is conserved for life being characterized by the short mesethmoid, lateral cth molds 
and vomer (Fig. la-c; Balushkin, 1989, fig. 6). In L. nudifrons and G. gibberifrons 
(Fig. 2d) the anterior end of the frontal gradually lengthens and becomes narrower, so the 
interorbital width significantly decreases in adults. The characterized feature of G gib¬ 
berifrons is the formation of a projection of the interorbital region above the dorsal 
profile of the skull which is also well developed in adults (Balushkin, 1989, fig. 12c). 
The ethmoidal region of L nudifrons and G. gibberifrons is longer than in M neglecta 
from the early stages and gradually becomes more and more longer, and the anterior incli¬ 
nation of the ethmoidal region increases more than in N. neglecta on account for the 
sharp ventral curve of the head of the vomer. In M larseni and L kempi the interorbital 
width also decreases during ontogeny. The length of the ethmoidal region in both species 
is longer than in other nototheniins already at the early stages of the larval development 
and increases more strongly, in particular in N. larseni. The anterior inclination of the 
ethmoidal region in L. kempi and N. larseni increases less than in other species, and in 
adults of M larseni does not approach the dorsal level of the interorbital space in com¬ 
parison with other nototheniins. 

All the studied nototheniins are characterized by the early appearance and fast de¬ 
velopment of the ascending processes of the parasphenoid which in adults reach the tri¬ 
geminal nerve foramen (except for N. larseni). 

The nototheniins are differentiated by characters of the structure of the splanch- 
nocranium already at the early stages of development. So, N. neglecta at 24 mm SL has 
the large postmaxillary process of the premaxi I la; large, sharp conical teeth on the jaws, 
ceratobranchial 5 and pharyngobranchials; palatine with a large head; square 
hyomandibular; large dorsal process of the opercle; well developed interstitial part of the 
preopercle; shortened posterior end of the suboperde (Figs 3* 4, 6), In ontogeny the 
enlargement of width of most bones proceeds, the dorsal ridge of the metapterygoid, 
hooked process of the hyomandibular, suture between the epi- and ceratohyal developing. 
In L nudifrons at 26 mm SL well developed ascending and postmaxillary processes of the 
premaxilla appear. Teeth are rather small and sharp. The preopercle has a lengthened 
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Pig. 5. - Development of the suspensorium in Gobicmomhen gibberifrons, left lateral views. Lengths of 
specimens in (aHd) as in figure 2. The labels as in figure 4, 
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Fig, 6 t - Development of the branchial skeleton of Notothenia neglecta, dorsal views for ventral parts of arches, ventral views for dorsal parts of arches. Lengths of 
specimens arc: (a) 16.5 mm; tb) 24.0 mm; (c) 30.0 mm; (d) 37,0 mm. bs: basi branchial; cr eeraiobranehial; ep: cplbranchial; hp: hypo branchial; ph: pharyngobran- 
chial. 
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Fig, 7. - Development of the pectoral girdle and pectoral radials in Notothenia tie glee ta, left lateral 
views. Lengths of specimens are: (a> 16.5 mm: (b> 24.0 mm, (c) 60.0 mm. cl; ckirhmm; cor: coracoid: 
r; radial; sc: scapula; d.l: dorsal lobe of the cleithnim; fir; foramen interradial; f.pcor: precoracoid 
Foramen: fptcor: postcoracoid foramen: f.sc: foramen scapular; sl.pr; spine-like process of the 
deiihrum. 


horizontal branch and a small interstitial part. The subopercle attaches the dorsal edge of 
the opercie already at 29 mm SL. During ontogeny of L. nudifrons there is no significant 
enlargement of width of the bones. G. gibberifrons at 11.5 mm SL has the ascending 
process of the premaxilla well developed (Fig. 3d) and the articulary and posimaxillary 
processes of the premaxilla appear at 16.5 mm SL At this length, the first teeth on the 
jaws occur: they are long and a little curved as in adults. In larvae at 19 mm SL there are 
the rather broad palatine, hyomandibular and preopercle with the long horizontal limb. In 
comparison with M negtecta all the bones are lower and longer (Figs 4, 5). The dorsal 
process of the opercie is very small and thin as in adults (Balushkin and Voskoboinikova, 
1979). At 32,5 mm SL the considerable broadening of the palatine and the interstitial 
part of the preopercle along its horizontal limb and lengthening of the posterior process 
of quadrate were found. Later the broadening of bones in horizontal direction goes on, the 
premaxilla obtains the very high ascending process and the dorsal ridge of the metaptery¬ 
goid appears. The development of the splanchnocramum of L kempi is rather similar to 











244 


Voskgbomkqva & Kellermann 


L nudifrons , except for the arising of the rather low ascending and postmaxillary proc- 
esses of the prcmaxilia and broadening of the hyomandibular vertically (Balushkin and 
Voskoboinikova, 1979). In N, larseni of 18 mm SL the postmaxillary process of the 
premaxtlla is well developed as in adults. Small and villiform teeth appear at 33,5 mm SL 
and conserve their shape during ontogeny. Most of bones of the splanchnocranium, 
including the palatine, pterygoids, hyomandibular. preopercle, epi- and ceratohials and 
branchials, are characterized by the weak ossification in larvae and in adults of N. larseni. 

It can be noted some general features in the shape of the splanchnocranium of the 
nototheniins at the early stages, such as the small highness of the suspensorium, hori¬ 
zontal position of the preopercle, sloped position of the anterior edge of the suspenso¬ 
rium which during ontogeny becomes more vertical. 

In most of the nototheniins in the caudal skeleton each cartilaginous hypural ossi¬ 
fies into a bony hypural. Later bony hypurals 1 and 2 fuse in all the species, hypurals 3 
and 4 fuse in L kempi at 35 mm SL and in G. gibberifrons at 25 mm (Fig, 8f). Among 
the studied nototheniins G. gibberifrons is the only species in which the cartilaginous 
hypurals I and 2 fuse and only one bony hypural (1+2) appears in the hypaxial lobe 
(Fig, 8), 


Subfamily Trematominae 

Sequence of appearance of bones 

In the trematomins the sequence of appearance of bones of the neurocranium in 
general corresponds to that of nototheniins (Table I; Fig. 9). Some differences among 
the three studied species of trematomins are noted in the appearance of the exoccipital. 
The exoccipital occurs in T. newnesi much more later than basioccipital comparing to 
other species. In P, scotti the frontal occurs simultaneously with the occipital bones, 
earlier than in I I newnesi and P. borchgrevinki* In P . borchgrevinki the late appearance 
of the nasal is noted. 

In the splanchnocranium of the trematomins the same bony elements as in the no¬ 
totheniins appear earliest (Table!; Figs 10a, 11a), The palatine, ectopterygoid, inter-, 
basi-, urohyal, upper hypohyal and branchial are characterized by the latest appearance 
(Fig. 11b). 

The sequence of appearance of the infraorbitals of P. scotti and T. newnesi repeats 
the nototheniins. But in P. borchgrevinki there is no appearance of the infraorbitals 2 
and 3, so in adults there is a large interruption in the infraorbital canal (Andriashev and 
Jakubowski, 1971). 

The sequence of appearance of the bones of the pectoral girdle is very similar to that of 
nototheniins. The studied species of the trematomins show differences in the formation of 
the interradial foramina. In T. newnesi firstly three foramina occur among which the most 
dorsal foramen between the radials 2 and 3 disappears later. At 30,5 mm SL the small 
foramen into the radial 4 occurs. So. in adults of T. newnesi there are three interradial 
foramina between radials 3-4 and 4-5 and into the radial 4. In P. scotti and P. borchgre¬ 
vinki the same three foramina previously occur at the early stages, a fourth small foramen 
at the base of the galanoid process (Balushkin, 1984) of the scapula and a fifth foramen 
into the radial 4 add later. The foramen between the radials 2 and 3 also disappears i n 
adults, so they have four interradial foramina. 


Gsteological development of nine species of Notothemidae 



245 


Fig. 8. * Development of the caudal skeleton in Notothenia neglecta (a-c) and Gttbiarunothen gibberifrons (d-g), left lateral views. Lengths of specimens are: 
(a) 16.5 mm, (b) 29.0 mm, (e) 32.5 mm, (d) 11.5 mm, (e) 16.5 mm, (f) 25,0 mm, tg) 32.5 mm, ep: epural; hs: haemal spine; h: hypural; ns: neural spine; ph: parity pa- 
ral; pa preural centrum; an: uroneural; ur: urostyle. Urostyle stippled. 
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Fig. 9. - Development oF the neurocranium in Pseudotrematomus scotii, showing dorsal (bottom), ventral (middle) and left lateral (upper) views. Standard lengths of 
specimens are: (a) 19.5 mm, (b) 22.5 mm, (c) 3&.0 mm. The labels as in figure 1. 
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Fig, 10, * Development of the jaws in Pseudotrematomus scotti, left lateral views. Lengths of specimens 
as in figure 9, The Labels as in figure 3, 

The ossification of the axial skeleton of the trematomins corresponds in general 
to that of nototheniins. However, P. scotti and P> borchgrevinki differ from the most 
nototheniins (except of U kempi and G. gibberifrons) and T, newnesi in that hypurals 3 
and 4 fuse between each other and later they fuse with the urostyle (Fig. 13j)* 

Morphogenesis 

The shape of the neurocrantum at the early stages is rather compact as in the no- 
totheniins. But the interorbital width in the trematomins is narrower, and the length of 
the ethmoidal region is longer than in the nototheniins. In T. newnesi and P. borchgre¬ 
vinki the interorbttal width increases during ontogeny. The width of the ethmoidal region 
simultaneously decreases, mainly in P. borchgrevinki. The highness of the ethmoidal 
region increases lesser than in the nototheniins, but on acccount for the sharp curvation 
of the anterior part of the parasphenoid dors ally the mesethmoid in T, newnesi and P. 
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Fig, U. - Development of the splanehnocranium in Pseudotrematomus scotti . left lateral views. Lengths 
of specimens as in figure 9. The labels as in figure 4, 
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Fig, 12. - Development of the pectoral girdle and pectoral radials in P , scotti , left lateral views. Lengths 
of specimens are: (a) 19.5 mm, (bj 22.5 mm. (c) 28,0 mm, (d) 38,0 mm. The labels as in figure 7. 

borchgrevinki some reachs the interorbital region. In P. scotti the interorbital width 
gradually decreases during ontogeny. At the early stages the interorbital region is 
strongly prominent and later gradually becomes lower, and the dorsal profile of the neuro- 
cranium is only slightly prominent in adults as in other trematomins. Simultaneously, 
the supraorbital seismosensorial canals originally divided by the medial edges of the 
frontals become more closer to each other, and in adults of P , scotti they are neighbour 
The inclination of the anterior limb of the parasphenoid in P. scotti is less sharp than in 
r. newnesi and F. borchgrevinki, and the mesethmoid does not reach above the interorbi¬ 
tal region (Fig. 9h). 

In comparison with the nototheniins all the studied trematomins at different 
stages of growth have less highness of the ethmoidal region and more extensive carti¬ 
laginous ethmoidal and occipital regions of the skull (Fig. 9h-k). Moreover, the trema¬ 
tomins are characterized by weaker development of the ascending process of the paras¬ 
phenoid which does not participate in the formation of the trigeminal nerve foramen. 

The shape of the splanchnocranium at the early stages is rather similar in all three 
species of the trematomins. The most significant differences at that stages are found in 
the structure of the premaxillary processes and basihyal. In T. newnesi a well developed 
postmaxiliary process is present already at 22 mm SL, later its size enlarges and at 
30 mm SL the bone gets its definite shape. P. scotti has the small postmaxiliary and well 
developed ascending processes at 19.5 mm SL, in juveniles and adults the gradual en- 
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Fig. 13. - Development of the caudal skeleton in Pseudotrermnomus j cottU left lateral views. Lengths of 
specimens as in figure 12. The labels as in figure 8, 


largement of the ascending process and diminution of the post max illary process proceed 
(Fig. 10c). P. borchgrevinki at 34 mm SL has definite shape of the premax ilia with the 
moderate sizes of both processes. T> newnesi t rather early at 26 mm SL. gets the trape¬ 
zium-like shape of the basihyaL both other species conserve a triangular shape of this 
bone during ontogeny. 

Among the studied species of the trematomins P, scotti is characterized by the 
least changes of the shape of the splanehnocranium during ontogeny. In T> newnesi the 
highness of the quadrate, ento- and metapterygoids, hyomandibular and vertical limb of 
the preopercle increases considerably. The palatine becomes almost vertical, the bones of 
the hyoid arch lengthen very much. In P. borchgrevinki the highness of the suspensorium 
also enlarges and the palatine becomes more vertical, but not so much as in T. newnesi . 
The radial stripes of the edges of the opercular bones in P. borchgrevinki appears only in 
adults. 

The development of the pectoral girdle in the trematomins is very similar to the 
nototheniins except for the development of the scapula (Fig, I2a-c). At the early stages 
the scapula surrounds ihe scapular foramen anteriorly and posteriorly, leaving its ventral 
edge free as in the nototheniins. Later, the posterior limb of the scapula grows anteriorly 
and borders the ventral edge of the scapular foramen, after that it joins the anterior limb of 
the bone (Fig. 12). 

The dorsal end of the deithrum, forming the spine-like process, is very long at the 
early stages in all ihe studied species of trematomins as in the nototheniins. After the 
appearance of the posterior lamella of the eleitmm the spine-like process strongly 
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Fig. 14. - Development of the neurocranium in Aethotaxis mitopteryx f showing dorsal (bottom), ventral 
(middle) and left lateral (upper) views. Standard lengths of specimens are (a) 2L5mm; (h) 36,0 mm. 
The labels as in figure 1. 


diminutes and in adult trematomins is about the half of the length of the posterior lamella 
(Fig. 12). 

The appearance of the vertebral centra of the trematomins differs of the nototheni- 
ins. They begin at the bases of the haemal arehs, after that at the bases of the neural archs 
after that dorsal and ventral ossifications fuse at the lateral surface of the notochord. 


Subfamily Pleuragramminae 

The osteological development of larvae of A. mitopteryx was studied from 13 mm 
to 36 mm SL» being the maximal available size which was compared with the structure of 
adults. 


Sequence of appearance of bones 

At the early stages the sequence of appearance of bony elements of A, mitopteryx 
corresponds to those in nototheniins and trematomins (Fig. 14) in general. In contrast 
to other species, the basioccipital appears at the anterior edge of the rather deep notch of 
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Fig. 15. - Development of the Jaws in Aetholaxts mitopteryx* left lateral views. Lengths of specimens 
are; (a) 21.5 nun, (b) 27.0 mm. (c) 36.0 mm. The labels as in figure 3. 


the cartilaginous vault of the skull (Fig, 14b), in which the anterior end of the notochord 
situates. It is noted also the very small length of the frontal, a feature which remains in 
adults also. 
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Fig. 16. - Development of the splanchnoc rani urn in Aethotaxis tnitopteryx, left lateral views. Lengths of 
specimens as in figure 15 The labels as in figure 4. 

The sequence of appearance of bones of the splanchnocranium in general repeats 
that described for nototheniins and trematomins {Figs 15-17), 
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Fig, 17, * Development of the branchial skeleton of Aethotaxis miiopteryx, dorsal views for ventral parts of arches, ventral views for dorsal parts of arches. Lengths 
of specimens as in figure 15, The labels as in figure 6* 
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Fig. 18. - Development of the pectoral girdle and pectoral radials in Aethotaxis mitopteryx t left lateral 
views. Lengths of specimens as in figure 15. The labels as in figure 7. 


Among the infraorbit at s, the lacrimal appears at 27 mm SL, Other infraorbitals 
occur in specimens over 36 mm SL, In adults, the structure of the infraorbitals is similar 
to that in other nototheniids except for the strong reduction of the bony roof of the sets* 
mosenserial canal (DeWitt, 1962), 

In the pectoral girdle the appearance of the coracoid and scapula precedes that of 
the radials 2 and 5 and occurs simultaneously with that of the radials 4 and 3 (Fig. 18). At 
36 mm SL the interradial foramina are not present yet. In adults of A. mitopteryx the 
interradial foramina 1 and 2 are placed between radials 3-4 and 4-5, 

As in the nototheniins and trematomins, the ossification of the vertebral column 
begins from the basioccipital posteriorly and from the urostyle. At 36 mm SL there are 
five free bony hypurals and parhypuraL and two haemal and neural arches of the preural 
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Fig. 19. - Development of the caudal skeleton in Aethoraxis mitopteryx, left lateral views. Lengths of 
specimens as in figure 15, The labels as in figure 8. 

centra 1 and 2. All vertebral centra are present but some posterior haemal and neural 
arches are not ossified yet, 

Morphogenesis 

At the early stages A, mitopteryx has a direct ventral profile of the skull; at 
36 mm SL its anterior end curves a little dorsally, and in adults forms the sharp inclina¬ 
tion as in T. newnesi and P . borchgrevinki , The dorsal profde of the skull, previously 
prominent at the interorbital region* becomes more and more straight during the increase 
of highness of the ethmoidal region and in adults forms deep notch at the interorbital 
region* The interorbital width of larvae of A mitopteryx is similar to that of trema- 
tomins. The ethmoidal region is very low and elongate, the vault of the skull is elongate 
too (Fig. 14). During ontogeny the gradual enlargement of the interorbitai space and 
vault of the skull and the elongation of the ethmoidal region proceed. The horizontal limb 
of the lateral ethmoid is weakly developed in larvae of A, mitopteryx and the large carti¬ 
laginous regions remain between the lateral ethmoid and mesethmoid and also between 
the anterior ends of the frontals in adults. The ascending process of the parasphenoid is 
not well developed in larvae as well as in adults. 
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Major differences in the shape of bones of the splanchnoeranium of A. mitopteryx 
and other nototheniids are revealed already at the early stages. Larvae of 27 mm SL has 
very long jaws, well developed articulary and postmaxillary processes and has no ascend* 
ing process of the premaxilla. The shape of the jaws at 36 mm SL is similar to that i n 
adults (Voskoboinikova, 1986). At 27 mm SL the suspensorium is low with the slope 
anterior end which is considerably lengthened (Fig. 16), The posterior process of the 
quadrate is well developed and lengthened as also the opercle which has no dorsal process 
until 36 mm SL. In adults the posterior process of the quadrate enlarges in the anterior 
pan, the opercle remains long shape with a small dorsal process, the palate takes more 
vertical position conserving considerable length (Voskoboinikova, 1982, 1986). The 
gill arches are also longer than in other nototheniids in larvae and adults of A. mitopteryx 
(Fig, 17). 

The specific character of the pectoral girdle of A mitopteryx is the position of the 
base of the dorso-posterior lamella of cleithrum which is situated above the level of the 
dorsal edge of the primary pectoral girdle (Fig. 18) as in Pleuragratnma antarctic urn 
(Regan) (Voskoboinikova et al , 1994). During ontogeny this base gradually goes down 
at the level of the dorsal edge of the scapula. 

In the axial skeleton the formation of the vertebral centra proceeds in the same 
manner as that in the trematomins. 


DISCUSSION 

In general, all the studied species of the nototheniids, except P . antarcticum, are 
characterized by the similar sequence of appearance of the different bones 
(Voskoboinikova and Tereshchuk, 1991; Voskoboinikova et al,, 1994). The parasphe- 
noid, basi- and exoccipital and posttemporal in the neurocranium; the maxilla, dentary, 
premaxilla, quadrate, quadratojugale, symplectic, ventral hypohyal, ceratohyal, bran- 
chiostegals, opercular bones and ceratobranchials in the splanchnocranium; the lacrimal 
in the infraorbitals; the cleithrum and suprac lei thrum in the pectoral girdle; the urostyle 
and anterior abdominal vertebrae in the axial skeleton are characterized by their earliest 
appearance. Contrarily, the basisphenoid, intercalar, pterosphenoid, supraoceipital, 
mesethmoid and lateral ethmoid in the neurocranium; the upper hypohyal, ectopterygoid, 
hypobranchial 3, basibranchials 1 and 2 in the splanchnocranium; the infraorbitals 2 and 
3 in the infraorbitals; the scapula, coracoid and radial 2 in the pectoral girdle; hypural 5 1 
epurals and uroneural in the caudal skeleton appear latest. 

In P. antarcticum the basi* and exoccipital appear later than the parasphenoid and 
the axial skeleton has three centra of ossification: at the urostyle, at the basioccipital and 
at the level of the latest dorsal fm rays (Voskoboinikova et at ,, 1994). 

In general, the sequence of appearance of earliest bones of the nototheniids ac¬ 
cords to that in other perciforms {c,g + , Mook, 1977; Watson, 1982; Kohno and Taki, 
1983; Karrer, 1984; Matsooka, 1985; Potthoff et ai , 1986, 1988; Peters, 1983), We 
agree with Weisell (1967) that the earliest ossifications occur in the most functionally 
important regions respondent for the compensation of hydrostatic pressure, feeding, 
breathing and movement of larvae. 

The latest bones to ossify, as a rule, are characterized by the significant variabil¬ 
ity of shape or often, by the total reduction in the specialized species of the nototheniids 
or/and in the advanced families of the notothenioids. The basi phenol d in the genera No- 
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tothmia, Paranotothenia and Dissostichus of the noiotheniids is very small. Because of 
this, Gosline (1968) and Balushkin (1989) interpreted the basisphenoid to be absent in 
this genera- Among other noiotheniids, P , antarcticum and A. mitopteryx* belonging to 
the most specialized subfamily Pleuragramminae, do not have a basisphenoid. The ad¬ 
vanced families Artedidraconidae, Bathydraconidae and Channichthyidae also lack a 
basisphenoid (Iwami, 1985). 

Hie intercalar is well developed in the nototheniids and articulates with the 
prootic except in A. mitopteryx in which this articulation is lost. In the advanced species 
of the family Bathydraconidae (Voskoboinikova, 1988a) this bone is diminished and 
looses the articulation with the prootic. The size of the pterosphenoid is small in the 
bathydraconids and channichthyids (Iwami, 1985) and in the most advanced genera of the 
channichthyids this bone looses its articulation with the ascending process of the paras- 
phenoid (which also becomes very small) causing the disappearance of the separate fora¬ 
men of the trigeminal nerve. 

The mesethmoid and lateral ethmoid are well developed in the nototheniins, in the 
trematomins they are small (Balushkin, 1982, 1989) as also in the pleuragrammins 
(Voskoboinikova et a/., 1984) where the broad bars of cartilage remain between them. 
Reduction in size of this bones is also shown in the bathydraconids (Iwami, 1985; Vosk¬ 
oboinikova, 1988b; Andriashev et at., 1989) and in the channichthyids (Iwami, 1985). 

Reduction of the upper hypohyaJ, basibranchials 1, 2 and pterygoids in the 
splanchnocranium is noted in species of the bathydraconids and channichthyids (Iwami 
and Abe, 1984; Iwami, 1985; Voskoboinikova, 1986). 

Late ossification and articulation to each other of the infraorbitals 2 and 3 are also 
reflected in the hypothesized phyiogeny of the notothenioids. These bones are separated 
in adults of P. bemacchti, P. hansom. P. nicotai among nototheniids (Jakubowski, 1970; 
Andersen, 1984); Gymnodraco acuticeps (Voskoboinikova. 1988a), Gerhchea australis 
and Cygnodraco mawsoni in the bathydraconids. In the advanced species of the no¬ 
totheniids P< borchgrevinki, P . antarcticum (Andriashev and Jakubowski, 1971; 
Jakubowski, 1971) and of the bathydraconids Psilodraco breviceps (Voskoboinikova, 
1988b) the infraorbital!a 2 and 3 are lost. 

In the pectoral girdle of nototheniids one of the latest bones to ossify is the scap¬ 
ula. The scapula is characterized by a considerable variability in shape and position of the 
scapular foramen (Boulenger, 1902; Pappenheim, 1914; Regan, 1913, 1914; Norman, 
1938; Balushkin, 1989), In contrast to previous authors, Balushkin (1989) considered 
the scapular foramen positioned between the scapula and coracoid as an ancestral feature 
of the nototheniids. As our results shows, the formation of the scapular foramen proceeds 
at the latest stages of the development of the scapula. On one hand, it seems natural to 
decide that the appearance of the open scapular foramen in the nototheniins is correlated 
with reduction of the ventral pan of the scapula because the process of reduction of ossifi¬ 
cation plays an important role in evolution of the notothenioids (e.g,, Iwami, 1985; 
Voskoboinikova, 1986). On the other hand, based on the fact that the development of the 
pectoral girdle is best in the nototheniins, and the ossification of the ventral pan of the 
scapula in the trematomins and pleuragrammins is obviously correlated with reduction of 
ossification of the coracoid, and in particular, its dorsal edge, it is possible to propose 
that the formation of the closed foramen in this subfamilies can be considered as the 
derived character. 

Among the bones of caudal skeleton of the nototheniids, the hypural 5, epurals 
and uroneural appear latest. The hypural 5 and uroneural are absent in P. antarcticum 
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(Totton, 1914; Andersen, 1984; Voskoboinikova & al 1994), in P. breviceps and G. 
acuticeps of the bathydraconids (Andriashev et a!., 1989; Balushkin and Voskoboinik¬ 
ova, 1995} and in the channichthyids (Iwami, 1985), The number of the epurals varies in 
P, antarcricum (Voskoboinikova ei al, r 1994) and in the harpagifends, bathydraconids 
and channichthyids (Iwami* 1985). 

The investigation of the morphogenesis of certain bones of the nototheniids 
gives the possibility to follow the appearance of some systematic characters in ontogeny 
and establish their polarization in phytogeny. All the studied species of the nototheniins 
and trematomins are characterized at the early stages by rather compact shape of the 
neurocranium with the relatively broad and short ethmoidal region, broad interorbital 
width, prominent dorsal and slightly prominent ventral profile of the skull. The described 
features are generalized in nototheniids and probably are primitive in the group. The 
similar conclusion was drawn by Balushkin (1989) based on adult nototheniid neurocra¬ 
nium structure. The shape of the neurocranium of the pleuragrammins differs from that of 
the nototheniids already at the early stages. In both studied species of this subfamily the 
neurocranium is rather elongate with long and tow ethmoidal region, rather broad interor¬ 
bital region, prominent dorsal and direct ventral profiles of the skull. That features can be 
interpreted as advanced. 

Among the nototheniins, M neglecta conserves the described primitive shape of 
the neurocranium throughout life without significant changes. Other studied species of the 
nototheniins are characterized by the diminution of the interorbital space, lengthening of 
the ethmoidal region and enlargement of the anterior inclination of the ethmoidal region 
in ontogeny. Among four examined species of the nototheniins it is possible to separate 
two groups, characterized by similar modifications of the neurocranium shape during 
ontogeny; L , nudifrons-G, gibberifrons and L kempi-N. larseni. First two species obtain 
the highest anterior inclination of the ethmoidal region and narrowest interorbital space 
during ontogeny, in adults of G. gibberifrons these characters being developed more 
strongly in comparison with L nudifrons (Balushkin, 1984). L kempt and, in particular 
N. larseni, having already at early stages of development some advanced characters (the 
elongate and low ethmoidal region and rather narrow interorbital space) mainly conserve 
these larval characters during ontogeny (Balushkin, 1989} in contrast to first group. 

Among the trematomins, two group of species can be recognized based on the 
modification of the neurocranium. P. scotti and P. eulepidotus reveal during ontogeny the 
relative persistance or diminution of the length of the ethmoidal region, considerable 
diminution of the breadth of the interorbital space, persistance of the prominent dorsal 
and ventral profiles of the skull, Contrarily, T, newnesi and P> borchgrevinki are charac¬ 
terized by the development of the longest ethmoidal region, broadened interorbital space, 
direct dorsal and strongly prominent ventral profiles of the skull 

The pleuragrammins also show two different types of development of the neuro¬ 
cranium. in A. miiopteryx during ontogeny the lengthening of the ethmoidal region, 
enlargement of the interorbital space, appearance of the nothch in the dorsal profile and 
strong prominence of the ventral profile proceed. In P. antarciicum the ethmoidal region 
conserves its length, also does the interorbital space, the dorsal profile becomes straight 
and the ventral one becomes strongly prominent as in the previous species 
(Voskoboinikova ei al y 1994}. 

The splanchnocranium of the studied nototheniids also have some general peculi¬ 
arities of the structure at the early stages. These are the small highness of the suspenso- 
rium, sloping position of the anterior limb of the palatoquadrate cartilage, direct shape 
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and vertical position of the preopercle, moderate length of the jaws. Analyzing the struc¬ 
ture of the splanchnocranium of adult nototheniids some authors (e,g,, Balushkin and 
Voskoboinikova, 1979; Voskoboinikova, 1986) concluded that the most close to the 
ancestral form in the structure of the splanch nocranium are El eg inops maclovimts Val. 
recently separated in more primitive subfamily Eleginopsidae (Balushkin* 1992) and 
Gobionotothen angustifrons (Fisher) which also are characterized by the low suspenso- 
rium and sloping position of the palate. Moreover, Pseudaphritis urvUli Cuv, which is 
considered by some authors as sister group to rest notothemoids (Balushkin, 1992; 
Ritchie et aL x in press) also has similar structure of the splanchnocranium 
(Voskoboinikova, 1986). So, probably* described characters can be considered as the 
ancestral for the nototheniids. 

Among the studied nototheniins, G. gibberifrons, N* neglecta and N . larseni ob¬ 
tain the most specialized characters of the structure of the spanchnocranium during 
growth. So, G. gibbcrifrons conserves small highness of the suspensorium in a difference 
from other species where the highness of the suspensorium essentially enlarges on ac¬ 
count for the development of the ventral process of the hyomandibular and vertical limb 
of the preopercle. As advanced characters of G. gibberifrons it is possible to mention the 
enlargement of bones in the horizontal direction and appearance of the blunt and curved 
teeth on the shortened jaws. N. neglecta differs from other species of nototheniins by the 
strong enlargement of most bones and the canine-like teeth (Voskoboinikova, 1986). N. 
larseni is characterized by the weak development of the pterygoids, anterior edges of the 
hyomandibular and preopercle and the villi form teeth. 

Among trematomins, P. scoui conserves the larval shape of the splanchnocra- 
nium, In T, newwsri p. borchgrevink^ and P. eulepidotus (Voskoboinikova and Teresh- 
chuk, 1991) the enlargement of the highness of the suspensorium proceeds. The position 
of the palatine becomes more vertical. T. newnesi gets the most advanced characters such 
as the largest high of the palatine, quadrate, ento- and metapterygoids, hyomandibular, 
vertical limb of the preopercle* trapezoidal shape of the basihyal, the lengthening of jaws 
and hyoid arch. 

The pleuragrammins retain during ontogeny some juvenile characters: the weak 
development of the pterygoids, interstial part of the preopercle, dorsal process of the 
opercle and the presence of the villi form teeth. But such advanced characters as the sig¬ 
nificant length of the palatoquadrate cartilage, posterior process of the quadrate, opercu¬ 
lum, hyoid and gill arches (Voskoboinikova, 1986) appear already at the early stages and 
are conserved during ontogeny. 

At the early stages of the development of the pectoral girdle in the nototheniids, 
the deithmm has the well developed dorsal limb which later transforms in a spine-like 
process gradually diminishing, while the dorso-posterior lobe of the bone develops. 
During ontogeny of nototheniins and trematomins the bases of the spine-1 ike process and 
dorsoposterior lobe are situated at the dorsal edge of the scapula. At the early stages in the 
pleuragrammins the cleithrum has very high dorsal limb, and the bases of the spine-like 
process and dorso-posterior lobe situate above the dorsal edge of the scapula. P> an- 
tareticum conserves this structure of cleithrum in adults (Voskoboinikova et aL, 1994), 
and A, mitopteryx obtains structure usual for other nototheniids. 

All the studied species of the nototheniids are characterized by the appearance of 
four free bony radials in the pectoral girdle of which the dorsal radial (r2) later fuses to the 
scapula. The existence of three free radials is the diagnostic character of the suborder 
Notothenioidei (Regan, 1913; Norman, 1938). Some authors (Gregory, 1933; Balushkin, 
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1989) note the complex, nature of the scapula of the notothenioids formed by the fusion of 
two most dorsal radials with this bone based on the number of proposed interradial foram¬ 
ina in the scapula. Free cartilaginous very small radial first (rl) was found only once in 
larvae of Psewdotremafomus toennbergi of 19 mm SL. Probaly, later this radial fuses with 
cartilaginous primary pectoral girdle. However, the fusion of radial second with the scap¬ 
ula during ontogeny is usual process for all the studied nototheniids. So, result of our 
study supports the point of view of Gregory and Balushkin. 

It was shown for the nototheniids (Batushkin, 1989) that the number of the inter- 
radial foramina tends to be reduced. Balushkin proposed that at the early stages of onto¬ 
geny in the nototheniids the appearance of five interradial foramina proceeds which later 
are closed in a different degree in different species. It is obviously from our study that in 
the nototheniins the number of the appearing foramina corresponds to the number in 
adults. Foramina between the radiais 3-4 and 4-5 present in adults of all five studied spe¬ 
cies appear earlier than foramina between the radiais 2-3 (G. gibberifrons ) and 1-2 occur¬ 
ring in larvae and adults of L nudifrons, L. kempt and N. larseni only. In other nototheni¬ 
ids (except for T, new/i£.ri) five interradial foramina appear from which the foramen 2-3 
can be closed during ontogeny in P. scotti and P. borchgrevinki , and the foramina 1-2, 2- 
3 and 3-4 are closed during ontogeny in P. antarcticum (Voskoboinikova et ai , 1994) and 
probably A. mitopteryx, The sequence of appearance of the interradial foramina in this 
species goes in the dorsal direction and corresponds to the appearance of free bony radiais 
(r 4, 3, 5, 2) and scapula. Contrarily, the lack of the interradial foramina during ontogeny 
proceeds in ventral direction. We propose that the first stage of interradial foramina for¬ 
mation in nototheniids is the absence of any foramina in ontogeny (trematomins, pleura- 
grammins), and a second stage is the appearance of the foramina in ontogeny 
(nototheniins), 

Balushkin (1974, 1989) based on Totton's (1914) conclusion about the fusion of 
the hypurals in ontogeny of P. antarcticum postulated that the development of the hypu- 
rals in ontogeny corresponds to their development in phylogeny of the notothenioids. 
Our results also show the fusion of the hypurals in ontogeny of the nototheniids which 
however proceeds at different stages in different species. In the most of the studied species 
of the nototheniids the number of appearing bony hypurals corresponds to the number of 
the cartilaginous hypurals and fusion proceeds between the bony hypurals 1 and 2 (in the 
nototheniins and trematomins) and 3 and 4 (sometimes in L kempt and always in G. 
gibberifrons and trematomins). In G. gibberifrons and P. antarcticum (Totton, 1914; 
Voskoboinikova et ai t 1994) the fusion of the cartilaginous hypurals 1 and 2 proceeds 
and one bony hypural 1 + 2 appears. Both species are characterized by the most ad¬ 
vanced structure of the caudal skeleton (Balushkin, 1974, 1989) that, probably, could be 
considered as phenomena of the predisplacement of this structure in ontogeny 
(McNamara, 1986). 

The present data on the osteological development of the nototheniids, in general 
agree with those of the previous researchers (Andersen and Hureau, 1979; Andersen, 1984; 
Balushkin, 1982, 1989; DeWitt et ai, 1990; Balushkin, 1992) on the existence of three 
valid subfamilies Notothenilnae, Trematominae and Pleuragramminae in the family No¬ 
totheniidae, the species of which are recognized not only by the morphological charac¬ 
ters of adults, but also by morphogenetic characters concerning the development of the 
neurocram urn, splanchuocranium, pectoral girdle and axial skeleton. It is shown that 
among these three subfamilies the nototheniins bears at early stage the most of primitive 
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characters. In contrast* trematomins and mostly pleuragratnmins are characterized by 
advanced features already at the early stages of development. 

Among the notothenims N< neglecta conserves during ontogeny the juvenile and 
possibly primitive shape of the neurocranium together with very advanced characters of 
the splanchnocranium, Among members of the subfamily this species shows an inde¬ 
pendent way of osteological development. Among other four species (G. gibberifrons * L. 
nttdifrons, L kempi and N, larseni) of the nototheniins it is possible to note two lines of 
the osteological development: (1) L nudifrons and G. gibberifrons are characterized by 
the diminition of the interorbital width and high inclination of the ethmoidal region* G, 
gibberifrons bears such advanced characters as the horizontal broadening of the bones of 
the splanchnocranium and heterochrony (predisplacement) in the development of the 
hypurals; and (2) L. kempi-N. larseni conserving some juvenile characters such as the 
lengthening of the ethmoidal region and moderate breadth of the imerorbital space of the 
neurocranium; N. larseni also reveals some retardation in the development of bones of the 
splanchnocranium. 

Among the trematomins two lines of the osteological development are recog¬ 
nized: (1) T. newnesi’P. borchgrevinki are characterized by the enlargement of the in- 
terorbital width and appearance of the straight dorsal and strongly prominent ventral 
profiles of the skull; and (2) P. scotti and P> eidepidotus are characterized by the diminu¬ 
tion of the imerorbital width and conservation of sligthly prominent dorsal and ventral 
profiles of the skull 

The pleuragrammins well differ from each from other already at the early stages by 
heterochrony in the appearance of the occipital bones* vertebrae and hypurals which give 
to P. antarcticum some advanced characters in the structure of the neurocranium* infraorbi¬ 
tals* axial and caudal skeleton which separate this species not only from other pleura¬ 
grammins but also from other nototheniids. This is an argument to put P. antarcticum in a 
separate subfamily of the nototheniids. 
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